The roles of vitamin E and unsaturated fatty acids in the visual process.
Relatively high proportions of long-chain, polyunsaturated fatty acids seem to be required in rod photoreceptor membranes in order to provide the precise microenvironment for the proper function of the visual pigment rhodopsin. At the same time, such high levels of lipid unsaturation put the photoreceptor membranes at a high risk for autoxidation. The antioxidant vitamin E which can minimize autoxidation of polyunsaturated fatty acids is found in rather high concentrations in the outer segment membranes. Dietary deficiency in vitamin E induces disintegration of rod outer segment membranes, probably by increasing autoxidation. Also, it greatly accelerates the accumulation of aging pigments in the retinal pigment epithelium, probably because these lipofuscin granules do indeed represent the end products of lipid peroxidation. Vitamin E supplements, up to threefold normal levels, appear to provide no significant protection of the retina from light damage produced either by short but acute or by long-term, low level exposures to light. This is not consistent with current theories which implicate lipid peroxidation in the destruction of rod outer segments in light damaged retinas; more work is needed before any relation between retinal light damage and vitamin E levels can be assessed. Surprisingly, the amount of lipofuscin granule accumulation in the retinal pigment epithelium is influenced dramatically by dietary levels of vitamin A. Even retinas lacking a source of polyunsaturated fatty acids from rod outer segments still may accumulate massive lipofuscin if dietary vitamin A is provided. Perhaps vitamin A, which has such a dynamic relationship with the retinal pigment epithelium, becomes oxidized, and then contributes to the formation of a lipofuscin-like pigment. Centrophenoxine, a drug claimed to be effective in reversing the accumulation of age-related lipofuscin in the central nervous system, has no obvious effect in the eye or uterus in removing the lipofuscin granules induced by vitamin E deficiency. Microperoxisomes are abundant in the retinal pigment epithelium, and may be associated with rapid lipid turnover and/or utilization of lipid soluble vitamins. Their potential roles, however, need further documentation and clarification. Recently developed techniques and new discoveries in lipid research open the way for many fruitful studies on the interactions and precise roles of lipids and lipid-soluble vitamins in vision.